Anticoagulants are commonly associated with hemorrhagic complications. However, rare hypersensitivity drug reactions associated with direct oral anticoagulants (DOACs) in form of cutaneous reactions such as urticaria as well as angioedema can have significant burden owing to increase in morbidity and mortality. Angioedema can be allergic, hereditary or idiopathic and can occur in isolation, in combination with urticaria as contributing component of anaphylaxis.
Introduction
Direct oral anticoagulants (DOACs) have eclipsed warfarin in the treatment of patients with atrial fibrillation (AF) as well as venous thromboembolism (VTE) [1] [2] [3] . This is largely due to decrease in the intracranial bleed as well as simplified dosing and perioperative management along with predictable pharmacokinetics with DOACs compared to warfarin [4] [5] [6] . While hemorrhagic complications remain the most common adverse effects, the prevalence of drug reactions in patient on anticoagulants has been estimated to be between 0.01% and 7.5% [7] [8] [9] . As DOACs are increasingly utilized over time, several spon-taneous reports of adverse drug reactions have become apparent in the recent pharmacovigilence systems. Early recognition of these drug reactions such as drug eruptions, vasculitis and angioedema to DOACs is critical to allow for timely management and treatment of symptoms as well as to prevent more severe adverse events such as limb ischemia, amputation or death [8] [9] [10] [11] [12] . We aim to describe rivaroxaban-induced urticaria and angioedema. In the same patient case, we further report crossreactivity to dabigatran manifested as significant cutaneous reaction. The institutional review board of SALEM Veterans Health Administration Hospital determined that this case report does not meet the definition of human-subject research or exempt research, therefore review and approval by the IRB or R&D Committee was not required for this activity. Verbal consent was obtained during routine clinical care encounter which was then documented in the medical records along with the use of images provided by the patient in this case report.
Case Report
A 63-year-old African American man with past medical history of hypertension, hyperlipidemia, sleep apnea, aneurysm of iliac artery and prostate cancer presented to the emergency room (ER) with chief complaint of back pain rated as 9 on 10 on pain scale. Patient was being followed by outside oncologist for ongoing radiation therapy since December 2018. Patient also reported experiencing decrease in appetite with some nausea, taste alterations and > 8% weight loss over 2 months. Patient had no known drug or food allergies. Patients' risk factors for VTE include obesity (body mass index (BMI), about 40.31 kg/m 2 ), chronic tobacco use, increased age (> 60 years) and driving for long periods of time. Chest computed topography (CT) scan revealed right lower lobe pulmonary embolism with associated opacity and atelectasis. Upon admission, patient's liver function tests (LFTs) were within normal limits. Complete blood count (CBC) revealed low hemoglobin of 11.8 g/dL, and absolute neutrophil count of 12.7 × 10 3 /mm 3 (elevated).
Patient was placed on intravenous heparin drip. Inpatient medications included ondansetron, hydrocodone prn for pain, and ketorolac for muscle relaxation. He also received one dose of intravenous (IV) methylprednisolone on day 2 of hospital admission. At this time, patient was transitioned to rivaroxaban 15 mg twice daily for 21 days, thereafter to be continued as 20 mg daily. Patient was discharged on day 11 and consult for pharmacist-led anticoagulation clinic was placed. On day 23, patient called the primary care provider to report that he developed generalized urticaria that appeared every couple of hours. These reactions were intermittent and self-limiting that usually appeared 1 -2 h after taking rivaroxaban and were not specific to an area of body and moved across different areas of patients' body. Patient also reported to have swollen hands. Some symptoms such as itching associated with rash were alleviated with the use of diphenhydramine 50 mg 2 -3 times a day; however, no relief was reported with the swelling in his hands. Patient denied any changes in soap, detergents or intake of new food items. Patient was on low residual diet for recent small bowel obstruction. No new medications were started since the hospitalization other than rivaroxaban. Patient was instructed to continue rivaroxaban at this time along with diphenhydramine for symptom relief by the primary care provider and advised to call in case of worsening symptoms. On day 25, patient woke up with generalized urticarial with erythema (raised plaques also known as wheals), swollen hands and feet. This quickly progressed to angioedema manifested as shortness of breath, bronchospasm as well as swelling of tongue and face and was immediately taken to ER at nearby hospital. These symptoms were confirmed based on the medical chart documentation by ER physician. The causality assessment is not very accurate due to lack of availability of serum biomarkers/immunoassay tests. Patient was discharged from the ER with prescription for 5 days of prednisone 20 mg. CBC was within normal limits; however, differential count was not checked. LFTs were not available for assessment either.
At the time, the patient was switched to dabigatran 150 mg twice daily as he could not afford to travel 2 h for international normalized ratio (INR) check and refused to take warfarin. On day 36, 10 days after dabigatran initiation, patient called the anticoagulation clinic pharmacist to report that 10 -15 min after ingestion of dabigatran, he experienced rash with hand swelling. Patient denied swelling of lips, tongue or throat as well as shortness of breath or wheezing. Upon examination by medical provider, patient was confirmed to have developed pruritic morbilliform exanthamas eruptions on his elbows, axillae and lower extremities accompanied by swelling of hands ( Fig. 1a, b ). Patient had repeat LFTs and CBC which were all within normal limits. Laboratory abnormality if present would have been likely shadowed due to prednisone use. Patient continued to use diphenhydramine 2 -3 times per day that provided some relief with the rash but did not help with the swelling. Patient was seen at the anticoagulation clinic for further management and providing counselling on available anticoagulation therapy options. With the help of social worker, patient was approved to have his labs done at a nearby hospital to avoid commuting long distance for INR monitoring. Patient was provided in depth education and was switched to warfarin with enoxaparin bridge on day 40. Patient's cutaneous manifestations as well as swelling of extremities resolved 1 week after the drug discontinuation. At day 50, patient's INR was 3 and enoxaparin was discontinued. Patient has remained stable on warfarin since then and continues to deny any skin reactions or swelling. Patient was assessed against Naranjo Adverse Drug Reaction Probability scale for both rivaroxaban and dabigatran.
Discussion
Currently 62% of all oral anticoagulants prescribed are DOACs in patient with AF according to one large commercial insurance plan [13] . Anticoagulants-induced drug hypersensitivity reactions have been reported in the literature [14] .
With superior risk-benefit profile and simpler dosing regimen, DOACs are being increasingly utilized over warfarin [15] . Angioedema is characterized by localized rapid swelling of the dermis, subcutaneous or submucosal tissues of the upper respiratory or gastrointestinal tract manifested as swelling of oral cavity, tongue or larynx leading to life-threatening airway obstruction and death [16] . A variety of adverse drug reactions including angioedema (three of the 22,222 DOAC-treated patients) have been reported in the patients taking DOACs in the pivotal randomized clinical trials [17] [18] [19] [20] . Currently there are at least two published case reports that specifically link rivaroxaban with angioedema [21, 22] . According to the monograph, the incidences of cutaneous reactions reported in the clinical trials were: blisters (1.4%) and pruritis (1.8%) [23] . Overall incidence of cutaneous manifestations and anaphylaxis or anaphylactic shock associated with factor-XA inhibitors reported is < 0.1% [7] . In one of the case reports of rivaroxaban-induced angioedema, patient experienced generalized urticarial, erythema, severe pruritus and angioedema of orbital area and lips along with shortness of breath an airway obstruction. The drug was promptly discontinued, and patient was managed with supportive oxygen, IV antihistamines and methylprednisolone [21] . In another case report, rivaroxabaninduced hypersensivity syndrome manifested as rash, and hepatic cytolysis was reported along with histopathological evidence of spongiotic dermatitis with perivascular lymphocytes and eosinophilic infiltrates. The authors suggest that the causative effect of rivaroxaban can be established with more certainty in this case than other cases [24] . According to the eHeathme database of 137,932 people who experienced sideeffects to rivaroxaban, about 88 patients (0.06%) report experiencing angioedema. Patients who are older than 60 years of age, female, who have been taking the drug for less than 1 month, who are on concomitant aspirin and have past medical history of stroke seemed more prone to experiencing angioedema. Of note, the risk of experiencing angioedema is 80% in the first month and is reduced to 0% after 5 years of initiating rivaroxaban [25, 26] . Dabigatran-induced morbilliform exanthamas has been reported as the most common drug reaction. Patients have reported to have isolated or diffuse pruritic, palpable purpura on trunk and limbs which resulted in discontinuation of dabigratran. In both cases, patient was switched to warfarin. The reaction resolved in 5 -7 days after dabigatran discontinuation. It is pertinent to note that in most of the cases, the drug reaction was not confirmed using serum biomarkers for allergic reactions or skin testing neither were the patients re-challenged [27, 28] .
Our case study provides an advantage over previously published case reports as we not only report rivaroxabaninduced urticarial and angioedema but also the evidence of cross-reactivity to dabigatran. This can provide further information to the clinicians when considering alternative treatment in the patients who develop adverse drug reaction to one of the agents in the drug class. Initially dabigatran was chosen assuming its difference in pharmacodynamics compared to rivaroxaban. It would be useful to see if patients in this scenario can benefit from using apixaban. In our case, since the patient had experienced adverse drug reaction to two out of three available DOACs at our facility, it was decided not to challenge patient with apixaban.
Well-documented case reports are essential component of post marketing safety surveillance; however, they typically suggest a probable reaction based on the Naranjo score and are inadequate for making causal inferences [29] . A recently published cohort case-crossover study by Connolly and colleagues, aimed to quantify the association between DOACs and angioedema relative to warfarin in AF patients who were drawn based on study eligibility from three different databases. This cohort reported 249 incident angioedema events among 267,681 DOAC users and 281,143 warfarin users with an average follow-up of 89 days. The hazard ratio for metanalysis of the results from three different databases comparing any DOAC versus warfarin was 0.98 (95% confidence interval (CI) 0.76 -1.2). The odds ratio for association between warfarin and angioedema in the case-crossover design was 0.91 (95% CI 0.68 -1.21) based on 431 cases. This study did not observe a large relative increase in the angioedema rate comparing DOACs with warfarin. These findings seemed to suggest a much smaller increase in risk as compared to the previously published case reports and the pivotal trials [30] . There have been at least four cases of hypersensitivity reaction case reports published with rivaroxaban, and six case reports associated with dabigatran; however, there were not many reported cases with apixaban until recently [14] . Two patient cases were identified that reported adverse drug reactions associated with apixaban. In one case, patient experience cutaneous adverse drug reaction secondary to apixaban leading to cessation of the medication [31] . In the other case, patient experienced angioedema with significant laryngeal edema without presence of urticaria or pruritis [32] .
With a score of 7 out of possible 13 points on the Naranjo Adverse Drug Reaction Probability scale (Supplementary Material 1, www.journalmc.org) for rivaroxaban and 8 points for dabigatran (Supplementary Material 2, www.journalmc. org), causality between rivaroxaban/dabigatran and the ob-served clinical events are deemed probable in our patient case [33] . We believe that our case report can help highlight the rare adverse drug reactions associated with the DOACs to create vigilance and help with prompt intervention by clinicians.
Implication on clinical practice
Early identification and treatment of these drug reactions is critical in avoiding escalation to morbidity and mortality. Welldocumented case reports that provide further clinical evidence and increase awareness amongst the clinicians treating patients with DOACs specially with the rapid increase in its use are important.
Conclusion
In this report, we have described a case of rivaroxaban-induced urticaria and angioedema manifested by severe pruritic rash, swelling of tongue and face as well as shortness of breath and bronchospasm. We further provide evidence of possible cross-reaction to dabigatran which in our patient manifested as morbilliform exanthamas along with swelling of hands. The pharmacologic mechanism by which DOACs might lead to angioedema is unclear. Further evidence to establish presence or absence of cross-reaction to apixaban may provide useful information in guiding clinical decisions when treating patients on DOACs who provide challenge for warfarin use. Additionally, use of skin patch testing at different concentrations to all factor-Xa inhibitors under direct medical supervision can also be considered given the severity of reaction to the suspected agent. Furthermore, use of immunoglobulin E specific testing may confirm the causal relationship between DOACs and these adverse drug reactions. DOACs are structurally different and the manifestations developed also differ in pathologies. Hence future studies are necessary to explore the implications on clinical practice in patient developing adverse drug events to one of the DOACs.
